Background: The prognostic factors and treatment strategies for hepatocellular carcinoma (HCC) patients with a large number of tumor nodules have not been fully elucidated. Clinical factors influencing prognosis were investigated in HCC patients with 30 or more tumor nodules.
Introduction
Hepatocellular carcinoma (HCC) is one of the most lethal and prevalent cancers. It is the sixth most common cancer and third most common cause of cancer-related death worldwide [1] . The prognosis and treatment of patients with HCC are determined by tumor burden, liver function reserve and general health status including comorbidities [2] [3] [4] [5] . In HCC, massive tumor expansion, invasion to major intrahepatic vessels and extrahepatic metastasis are known to be factors associated with poor prognosis [2] [3] [4] [5] . Without these factors, however, experience shows that patients having an extremely large number of HCC nodules of modest size reveal poor prognosis as well. Such tumor status belongs to the intermediate stage (Barcelona clinic liver cancer (BCLC) stage B), that includes patients having Child-Pugh A or B liver function with four or more tumors irrespective of size or 2 -3 tumors larger than 3 cm in maximum diameter in the absence of cancer-related symptoms, macrovascular invasion, or extrahepatic spread [2, [4] [5] [6] . Classification of the intermediate stage of HCC into substages has been attempted because this stage comprises a widely variable patient population in the tumor burden and liver function [7] [8] [9] . For example, subgrouping system of the intermediate stage into B1 to B4 groups based on the up-to-seven criteria has been proposed by an expert panel [7] and further subgrouping systems have been validated by a few investigators [10, 11] . However, the tumor status of extremely large number of HCC nodules that was focused on in the present study is far from these subgrouping systems and expresses the progressive disease stage. Although transarterial chemoembolization (TACE) is the recommended treatment for intermediate-stage HCC [2, [4] [5] [6] , the optimal treatment strategies for HCC patients with a large number of tumor nodules have not been fully elucidated.
To better address this, we carried out the retrospective Abe et al J Clin Med Res. 2020;12(1): [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] analysis of HCC patients with a large number of tumor nodules. In this study, "a large number of tumor nodules" was defined expedientially as tumor nodules of 30 or more. The prognostic factors and appropriate treatment for these patients were investigated in this study. 
Patients and Methods

Patients
Diagnosis of HCC
First, HCC was diagnosed using contrast-enhanced computed tomography (CECT), gadolinium-ethoxybenzyl-diethylenetriamine pentaacetic acid-enhanced magnetic resonance imaging (MRI) or contrast-enhanced ultrasound. HCC was confirmed by angiography based on the enhancement in the arterial phase and the washout in the portal phase. Angiography was performed through the femoral artery. CT during arterial portography (CTAP) was conducted from superior mesenteric artery by infusion of contrast material. Digital subtraction angiography was done from the celiac artery to evaluate hepatic arterial and tumor feeding arterial anatomy. CT during hepatic arteriography (CTHA) was evaluated by injecting contrast material through the common hepatic artery, proper hepatic artery and feeding artery of the targeted tumor. HCC was diagnosed when a tumor was detected as a perfusion defect at CTAP and arterial enhancement at CTHA. The number of nodules was counted carefully based on the CTHA and CTAP findings.
Treatment
Each treatment was administered on the basis of the tumor burden, liver function and general health status according to the judgment of each attending physician. TACE was conducted using anticancer drugs, poppy-seed oil (Lipiodol, Gueret Japan, Tokyo, Japan) and gelatin particles. Chemoembolization was performed using epirubicin (Nippon Kayaku, Tokyo, Japan) or cisplatin (IA call, Nippon Kayaku) via tumor feeding artery. The injection volume of emulsion and embolic material was determined according to tumor size, tumor number and liver function. As for transarterial infusion chemotherapy (TAI), 65 mg/m 2 cisplatin (IA call, Nippon Kayaku) was injected by using automatic injection machine for 30 min from the right or left hepatic artery or both. Sorafenib (Nexavar; Bayer Pharmaceuticals, Osaka, Japan) treatment was started at an initial dose of 400 to 800 mg/day. Dosage was reduced or discontinued according to the degree of toxicity. Patients, in whom the duration of the sorafenib treatment was less than 2 weeks, were regarded to be unadministered.
Follow-up
Clinical, laboratory and radiological assessments were performed to evaluate tumor status. Recurrence was treated with TACE, TAI or sorafenib as appropriate. Overall survival was measured from the date of the first day when tumor number has reached 30 nodules or more until the date of death.
Statistical analysis
Univariate and multivariate analyses with Cox proportional hazard model were used to determine the prognostic factors.
Hazard ratio (HR) and 95% confidence interval (CI) were obtained. Cumulative survival rates were analyzed by the Kaplan-Meier method. The differences between survival curves were compared by the generalized Wilcoxon test [12] in order to give statistical weight to the patients in which long time has not been passed since an initial treatment. The two groups were compared by Fisher's exact tests and Mann-Whitney non-parametric U-tests. P < 0.05 was considered to be statistically significant. Statistical analysis was performed using SPSS version 21.0 (IBM, Chicago, IL, USA).
Results
Patient clinical feature
Of the 46 patients, there were 32 men and 14 women, with a median age of 73 (range, 58 -88) years. The etiologies of liver diseases included hepatitis C (as determined by positive hepatitis C virus (HCV) antibody) in 33 (72%) patients, hepatitis B (as determined by positive hepatitis B virus (HBV) surface antigen) in six (13%) patients and neither hepatitis B or C in seven (15%) patients. Among hepatitis C patients, antiviral treatment with interferon alone or combination with ribavirin was carried out in eight patients, one of whom had achieved the sustained eradication of the virus. Among hepatitis B patients, the sustained negative HBV DNA after antiviral treatment with entecavir was achieved in four patients. The median alanine aminotransferase (ALT) and total bilirubin levels were 37 U/L (range, 14 -101 U/L) and 0.9 mg/dL (range, 0.5 -1.9 mg/dL). The median prothrombin time was 81% (range, 58 -104%). Nine (20%) patients were habitual drinkers of > 60 mg/day in ethanol equivalent. Of the 46 patients, 34 (74%) patients were classified as Child-Pugh A, 11 (24%) were as B and one (2%) was classified as C. The median of maximum diameter of tumor was 26 mm (range, 13 -60 mm). As for the tumor number, 38 (83%) patients had 30 -59 HCC nodules and 16 (17%) patients had ≥ 60 HCC nodules. The median AFP and DCP levels were 55 ng/mL (range, < 5 -36,927 ng/mL) and 188 mAU/mL (range, < 30 -38,000 mAU/mL). Patients were followed up at a median period of 12 months (range, 1 -70 months). Thirty-nine patients (85%) died during follow-up. Previous treatment, initial treatment and after treatment of the 46 HCC patients with 30 nodules or more are shown in Table 1 . In the present study, "initial treatment" meant "the treatment just after the tumor number has reached 30 or more". Forty-three (93%) of the 46 HCC patients had received the previous treatment, TACE in 38 (83%) patients, TAI in three (7%) patients, radiofrequency ablation (RFA) in 22 (48%) patients, percutaneous ethanol injection (PEI) in 13 (28%) patients and hepatic resection in 14 (30%) patients. As for the initial treatment, 39 (85%) patients underwent TACE, seven (15%) patients underwent TAI and one (2%) patient underwent sorafenib administration. After treatment was given in 35 (76%) patients, TACE in 26 (57%) patients, TAI in 17 (37%) patients and sorafenib administration in 11 (24%) patients.
Factors contributing to overall survival
Cumulative overall survival of the 46 HCC patients with 30 nodules or more was first analyzed by Kaplan-Meier curve (Fig. 1) . The survival rates at 1, 2 and 3 years were 55%, 22% and 1%. The median survival time was 15 months. Next, factors contributing to overall survival were studied by using univariate and multivariate analyses ( Table 2) . Fifteen clinical factors, age, gender, HCV positivity, HBV positivity, amount of drinking (< 60 vs. ≥ 60 mg/day in ethanol equivalent), Child-Pugh classification (A vs. B/C), alanine aminotransferase, total bilirubin, albumin, prothrombin time, AFP (< 100 vs. ≥ 100 ng/mL), DCP (< 200 vs. ≥ 200 mAU/mL), maximum diameter of tumor, number of tumors (30 -59 vs. ≥ 60 nodules) and initial treatment (TACE or not) were used as variables for univariate analysis. Higher serum albumin (HR, 0.304; 95% CI, 0.144 -0.642; P = 0.002), fewer tumors (30 -59 nodules) (HR, 0.378; 95% CI, 0.187 -0.763; P = 0.005), higher prothrombin time (HR, 0.965; 95% CI, 0.940 -0.991; P = 0.009), TACE as an initial treatment (HR, 0.291; 95% CI, 0.071 -0.762; P = 0.012), lower total bilirubin (HR, 0.368; 95% CI, 0.161 -0.844; P = 0.018) and male gender (HR, 0.467; 95% CI, 0.240 -0.908; P = 0.025) were significant factors associated with better overall survival. Significant factors (P < 0.05) in univariate analysis and age were used in the multivariate analysis, fewer tumors (30 -59) (HR, 0.284; 95% CI, 0.130 -0.613; P = 0.002), male gender (HR, 0.283; 95% CI, 0.130 -0.617; P = 0.002), lower total bilirubin (HR, 0.239; 95% CI, 0.080 -0.719; P = 0.011), TACE as an initial treatment (HR, 0.301; 95% CI, 0.104 -0.890; P = 0.027) and higher prothrombin time (HR, 0.959; 95% CI, 0.920 -1.000; P = 0.049) were selected as significant independent factors for better overall survival. The Kaplan-Meier curves of cumulative overall survival in relation to gender, tumor number, initial treatment (TACE or not), total bilirubin and prothrombin time are shown in Figure 2 . Male gender (P = 0.002), tumor number of 30 -59 nodules (P = 0.002), TACE as an initial treatment (P = 0.033), lower total bilirubin (< 1.0 mg/dL) (P = 0.011) and higher prothrombin time (P = 0.049) were associ- 
Association of overall survival of the 39 HCC patients who underwent TACE as an initial treatment
In 39 (85%) patients who underwent TACE as an initial treatment, subsequent treatment course during the follow-up period is depicted in Figure 3 . Of 39 patients, TACE was repeated at least once in 25 (64%) patients. A significantly better overall survival was seen in patients with repeated TACE than in those without it (P = 0.035) (Fig. 4a) . TAI was carried out in 14 patients (36%) as the after treatment. Overall survival tended to be better in patients who received subsequent TAI than those who did not, although the difference did not reach a statistically significant level (P = 0.070) (Fig. 4b) . Ten (26%) patients received sorafenib as after treatment. Their overall survival was better than that of those who did not receive sorafenib (P = 0.026) (Fig. 4c) . When the treatment course after initial TACE was followed up in detail in relation to the presence or absence of sorafenib administration as after treatment (Fig. 3) , more patients without subsequent sorafenib treatment died in relatively short order compared with those with it. However, several patients who were untreated with sorafenib, and a smaller number of patients treated with sorafenib subsequently, survived for a considerably long period after only once or twice treatments of TACE. In view of the differences in the clinical course between patients with and without subsequent sorafenib treatment, we attempted to investigate in which subgroup of patients sorafenib treatment following TACE would improve the prognosis. As shown in Table 3 , no significant differences were observed in the overall survival rate between patients with and without subsequent sorafenib administration in a subgroup of patients who survived for 6 months or more (n = 32). However, in the subgroup of patients who survived more than 6 months and received TACE or TAI twice or more in addition to the initial TACE (n = 18), a significantly prolonged overall survival was seen in patients who underwent sorafenib treatment compared with those did not (P = 0.033). The clinical characteristics were shown in Supplementary Material 1 (www. jocmr.org) and there is no significant statistical difference between patients with and without sorafenib administration. Taken together, in HCC patients with 30 nodules or more in whom the disease was barely controlled by multiple rounds of TACE or TAI, the additional sorafenib administration may confer a substantially favorable antitumor effect.
Discussion
The prognostic factors and the optimal treatment strategies for HCC patients having a large number of tumor nodules, that is, the most progressive form of intermediate-stage HCC, have not been fully elucidated. To better address this, we attempted to retrospectively investigate patients having an HCC with 30 nodules or more. Because the majority of our patients had previously undergone various medications for HCC, a large number of lesions of them were speculated to be caused by multi- 30 nodules in our institute [9] . This result indicates that this difficult-to-treat patient group with a large number of HCC nodules would have a poor prognosis, as with advanced stage HCC patients with vascular invasion and/or extrahepatic metastasis. Multivariate analysis revealed that fewer tumors, lower total bilirubin, male gender, TACE as an initial treatment and higher prothrombin time were significantly associated with better overall survival in our patients with a large number of HCC nodules. This suggests that tumor burden and liver function reserve may be main prognostic factors in our patients with a large number of HCC nodules, as is the case for HCC patients with other disease stages [13, 14] . Our study also showed that prognosis was better in males than in females, despite the broad recognition of the tendency toward more progressive disease course in male HCC patients [3] . The small number of patients may have somewhat influenced the result in this study. As for the initial treatment for patients with a large number of HCC nodules, TACE was shown to be the most effective, although our study includes a small number of patients with considerably biased clinical features. For patients in whom TACE was given as the initial treatment, the subsequent treatment was further investigated. Patients who received repeated TACE showed a better prognosis than those who did not. The tendency toward better prognosis was observed in patients who underwent TAI as the after treatment compared with those who did not, although the difference did not reach a statistically significant level. Thus, repetition of transcatheter arterial treatment may contribute to the good prognosis in patients with a large number of HCC nodules. As for the additional treatment of sorafenib, overall survival tended to be longer in patients treated with sorafenib compared with those who were not treated. The clinical course after initial TACE was examined in detail in relation to the additional sorafenib administration. There were a few patients who had considerable long-term survival after once or twice of TACE. Administration of sorafenib did not appear to be needed in these "super-responders to TACE". However, most patients who received sorafenib repeated the transcatheter arterial treatment. Indeed, sorafenib treatment as the after treatment significantly prolonged the overall survival in a subgroup of patients who survived for 6 months or more and repeated TACE or TAI twice or more. Taken together, the efficacy of the combined use of TACE/TAI and sorafenib may be more distinct in patients with a large number of HCC nodules who require repeated TACE/ TAI for tumor control, i.e. "partial-responders to TACE". Sorafenib is an oral multikinase inhibitor that inhibits vascular endothelial growth factor receptor, platelet-derived growth factor receptor and RAF serine/threonine kinase [15] . Sorafenib is currently recognized as a standard treatment in patients with advanced stage (BCLC stage C) HCC [16] [17] [18] . Recently, a [19] [20] [21] . In the present study, a noteworthy finding is that the combined use of TACE/TAI and sorafenib may provide a survival benefit even in our patients with intermediate-stage HCC having a large number of HCC nodules; this partially agreed with these previous reports [19] [20] [21] . In the present study, sorafenib was not administered in 19 patients in whom the prior TACE/TAI was considered to be ineffective, even though they were diagnosed with Child-Pugh class A at baseline. The main reasons for the inability of the sorafenib administration in them were disagreement of the treatment (11 patients), followed by the deterioration of the liver function or general condition (five patients). As for the remaining (three patients), sorafenib was once commenced but stopped shortly by adverse events. When clinical characteristics were investigated in the presence or absence of sorafenib treatment among patients in whom TACE was performed for initial treatment, the serum albumin level was higher in patients receiving the subsequent sorafenib treatment than in those who did not (Supplementary Material 2, www.jocmr.org). The possibility that this may have biased our findings cannot be ruled out.
In conclusion, our findings indicate that HCC patients with a large number of HCC nodules may be a particular subgroup of the intermediate HCC revealing the poorer prognosis, and that tumor burden and liver functional reserve may be prognostic factors in this subgroup of HCC. Our results also suggest that, in patients with a large number of HCC nodules, TACE may contribute to the better antitumor efficacy as an initial therapy, and that sorafenib administration may be effective, especially in patients who needed repeated TACE/TAI for the tumor control. However, limitations of this study are the retrospective design of the single-center study and the limited number of patients with considerably biased clinical features. Our study shed some light on the treatment, but the optimal treatment strategy has not still been elucidated in patients with a large number of HCC nodules. Very recently, several drugs other than sorafenib have been proven to have efficacy in advanced HCC in the clinical trials [22] [23] [24] [25] [26] . Regorafenib [22] , lenvatinib [23] , cabozantinib [24] , ramucirumab [25] and nivolumab [26] have currently been used, or are going to be used in the near future for advanced HCC in the clinical settings. It is likely that usage of these new drugs as an initial treatment or the after treatment of the prior TACE/TAI would contribute to the improvement of prognosis in patients with a large number of HCC nodules. Further prospective studies with these drugs including a large number of patients would offer better understanding of the optimal treatment for patients with a large number of HCC nodules. 
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